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Modeling of Acute Spina! Cord Injury in the Rat: Neuroprotection and 
Enhanced Recovery with Methylprednisolone, 
U-74006F and YM-1 4673 1 

DONAlJl L. BEHRMAWf.M* JACQUEUNE C. BRE3NAKAN,t't AND MlCHASL B. BKATT1F.M4 

The Ohio State Vn ivei-Aitf, Columbus, Ohio 43510 



We need a new injury device that produces consistent 
hplmU cord contusion injuria* (TO) in rata to compare 
the behavioral and histologic effects of methylpredniso- 
lone sodium succinate (MPSS) administration, the 
clinical standard of therapy after acute spinal cord 
Injury (ASCI), with the 21-sminoBterold t U-74006F 
OJ74), and the TRH analogue, YM- 14673 (YM), at differ- 
ent trauma doses. Three sequential experiments were 
conducted; Experiment I. U74 <&.0/1.5/U5 mg/kfc 10/5/5 
mg/kg; 30/15/15 mg/kg), MPSS (30/15/15 mg/kg), or ve- 
hicle were administered intravenously (M a * 5 roin, 2 oM. 
6 h after the injury (n * 6/group). U74 (10/5/5 m$fk& and 
MPSS animate scored better than controls (Days in 
open field walking (OFW); no other differences were seen 
between group*. Experiment 2. Dose-response evaluation 
of MPSS determined more effective doses. Groups (n - 16) 
receSvin* 30/30730/30 mp/kg and ©0/60/60/ 60 mg/kg iv at 
G min and 2, 4, and G h after the injury had better 0*V 
scores than controls (Pays &-29; Day 20). Both groups 
performed better than control* <t>ays on inclined 
plane (IP); 30 mg/kg animals scored higher on Day 29. 
Percentage tissue spared (%TS) at the lesion center was 
greater for 60 mg/kg animals (23.4%) than controls (17,3%). 
Experiment & Compounds were adnunisteredas in experi- 
ment Ii (n 15/group); MPSS (80/30/30/30 mg/kfi) and 
YM (171/1/1 mg/kff and 1 mg/kg/day ip) were most effec- 
tive. VM and MPSS combination produced no addUWe 
effects. YM animal* scored better than MPSS and control 
animals in OFW (Days &-20) and better than controlH on 
IP (Day* 8-29; Day 20) and grid walking (t)ay 29)* MPSS 
animals scored better than controls on IP (Days £-29 )- VM 
and MPSS groups had greater %TS thun controls. 

This series of experiments demonstrates the utility 
of this injury model and simple behavioral measures 
for preclinical assessment of pharmacologic agents. 
Under these experimental conditions, U74 demon- 
strated equivalent efficacy to MPSS, and YM demon- 
strated greater efficacy than MPSS in the treatment oF 
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I This ecrica of experiments presented in partial fulfillment of 
Hie requirumcnls F«r the Duclor or Philosophy degree in NcuroSClencG 
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INTRODUCTION 

The recent findings of tha Second National Acute 
Spinal Cord Injury Study (NASC1S 2) indicated that 
patients given methylprednisolone sodium succinate 
(MPSS) within S h of their injury had improved recovery 
of neurologic function (21, 22). This study provided 
clinical support for the concept that secondary injury 
processes after traumatic injuries of the spinal cord (45, 
85, 102) are amenable to treatment and constituted the 
first effective application of results from preclinical 
studies Lo clinical trials (3, 23, 24, 26, 70, 104). Renewed 
interest in development of more effective therapies has 
resulted in a number of potential therapeutic agent*; 
however, their examination in clinical trials is limited by 
practical and ethical considerations. Thus, experimental 
models that produce consistent injuries that are clini- 
cally relevant are necessary for preclinical screening of 
these compounds (103). 

A spinal cord injury device for use in rats baa been 
developed for thia purpose at The Ohio State University. 
This device uses wclUcon trolled differences in brief 
{approximately 20 r/>s) displacement of the spinal cord to 
produce graded, consistent contusion injuries of the 
thoracic cord; injury severity/ trauma dose (spinal cord 
displacement and force) has been shown to predict 
lesion size and Functional outcome of the animals (10, 
17, 31, 73, 74, B0, 82). This model has recently been 
demonstrated to be effective in discriminating small but 
clinically relevant behavioral and histologic effects after 
administration of compounds immediately after injury 
(14). 

We used this injury model to compare the effects of 
MPSS administration after acu Lc spinal cord injury with 
that of the 2l-amino3teroid > U-74006F, and the TRTI 
analogue, YM-14673. U-74006F, or Tirilazad Mesylate, 
is a derivative of MPSS that has even greater antioxi- 
dant capacity, but lacks any tflucocortfwid activity (27, 
47 52). YM-14673 is an N-terminal modified TRH 
analogue that results in a half-life that is approximately 
five times longer than that of TRH; YM-14673 is 10-100 
times more potent than TRH and produces 8-36 times 
longer acting in vivo central facilitatory effects than 
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TEH (92, 03). Both U-74006F (1, 2, 47, 58) and YM- 
14678 (35, 76) have previously been reported to have 
protective effects After traumatic spinal cord Injuries; 
U-74006F is currently in clinical trial (NASCIS 3). 

"three sequential experiments were performed, In 
experiment 1, a dose-response of U-74006F was com- 
pared with the dose of MPSS currently used to treat 
clinical spinal cord injury. In experiment 2, a doae- 
response of MPSS was performed to determine a more 
effective dose in this injury model. Statistical power 
analysis was then performed to estimate the number of 
animals needed in the next experiment to reproduce tine 
ejects of MPSS C90). Jn experiment 3, MPSS therapy 
was compared with YM-14763. Acute, chronic, and 
acute/chronic administration of YM-14673 were exam- 
ined, as well as the effects of combined MPSS and 
YM-14G73 treatment, Preliminary results of these experi- 
ments have been reported (12, 13, 32). 

MATERIALS AND METHODS 

Compounds 

Methylprednisolone sodium succinate (Upjohn Co., 
Kalamazoo, Michigan) waa purchased from The Ohio 
State University Hospital pharmacy. YM-14673, AT 11 - 
UGSM-oxo-2-azetidmyl) carbonyll-L-histidyl-L-prolin- 
camide dihydrate was generously provided by Dr, Mi- 
nora Yamamoto (Yamanouchi Pharmaceutical Co. Ltd., 
Tokyo, Japan). U-740O6F, 21-r4-(2 s e-dM-pyrroIidmyi-4^ 
pyrimidinyl)-l-pipcra7-inyU-l6ci-methylpregna^ 1 f 4^UlV 
triene-3,20-dione, monomethane sulfonate was pro- 
vided as a gift from Dr. Ed Hall (Upjohn Co., Kalamazoo, 
MI). MPSS and YM-14^73 were dissolved in sterile 
water. U-74006F was dissolved in buffered-sodium cit- 
rate solution. 

Two hundred thirty-three female albino rats (Harlan 
Sprague-Dawley Inc., Indianapolis, IN; experiment 1, 
n - 43; experiment 2 t n= S3; experiment 3, n - 107) 
were housed 2 per cage to reduce the incidence of 
autolomy (18)- Animals were maintained in a 12-h 
light/dark cycle, with water and food freely available. 

Surgical Procedures and Postoperative Care 

The animals were anesthetized with an intraperito- 
neal (ip) injection of Ketasefc (Si) mg/kg; ketamineHCL, 
Aveco Co., Fort Dodge, IA) and Rompun (10 mg/kg; 
xylazine, Mobay Corp., Shawnee, KS). Before the proce- 
dure, antibiotics were administered subcutaneously as 
prophylaxis against wound and bladder infections as 
follows; experiment 1> Emrapon (6000 U BID x 24 h; 
penicillin G benzathine and penicillin G procaine, Vedco, 
Inc., Overland Park, KS) and Di-trim (0.2 cc qD x 24 h; 
sulfadiazine 40 mg/cc and trimethoprim S mg/cC sc., 
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Syntex Animnl Health Inc., West Des Moines, IA); 
experiments 2 and 3, Durapen (20,000 U WD x 43 h) 
and Gentocin (0.25 mg qD x 48 h; ^ntarnicin sulfate, 
Schering Corp., Animal Health Division, Kcnilworth, 
NJ)« Lacrilube ophthalmic ointment (Allergan Pharma- 
CeuticalBr Irvine, CA) was used to prevent drying of the 
eyes. The animals' temperatures Were monitored and 
maintained between 36 and 38 C C during the procedures 
and the immediate postoperative period. All surgery was 
performed using sterile technique. 

The rats underwent a complete single level laminec- 
tomy at T8. 'Hie animals were secured to the injury 
device frame at the T7 and T9 spinous processes. The tip 
of the impactor probe (2-mm diameter) was touched to 
the dorsal surface of the cord (dura intact) with immedi- 
ate feedback from a force transducer, and the animals 
were injured by a very brief (approximately 20 m?) ( 
predetermined displacement of the cord as previously 
described (10, 17, 31, 73 r 74, 82). 

After the injuries, Furazolidone 4% aerosol aseptic 
powder (Veterinary Products Lab., Phoenix, AZ) was 
sprayed over the incisions. Lactated Kinger's solution (5 
cc) was given subcutaneously; the animals in experi- 
ments 2 and 3 received an additional 6 cc on Postopera- 
tive Day 1, Additional parenteral fluids were provided as 
needed during the next 24-43 h to compensate for poor 
oral intake. Bladders were expressed at least twice a day 
until adequate spontaneous voiding returned (usually 
by 10 days). SMZ-TMP (*=0>G cc; 40 mg/cc sulfa- 
methoxazole and 8 mg/cc trimethoprim oral suspension, 
Phoenix Pharmaceutical, Inc., St. Joseph, MO) was 
administered each day as prophylaxis against urinary 
tract infections until the rats no longer required bladder 
expression. Cecon oral solution (10 mg; ascorbic acid, 
Abbott Lab., North Chicago, IL) was also given daily to 
all subjects throughout the study to acidify the urine 
and to accelerate wound healing. 

For intravenous (iv) drug delivery, each animal's 
external jugular vein was cannulated with PE-50 polyeth- 
ylene tubing (i.d, 0.58 mm, o.d, 0.965 mm; Clay Adams, 
Division of Bccton-Dickinson Co., Parsippany, NJ). The 
tubing was tunneled subcutaneously to the back where 
it protruded from the inferior aspect of the wound for 
easy access. The vein was kept patent between drug 
infusions by attaching the free end of the PE-50 tubing 
to an Aket mini-osmotic pump (Model 2MLI; Alza 
Corp,, Palo Alto, CA) that was wrapped in a moist gauze 
sponge and Parafilm "M" (Laboratory Film, American 
National Can, Greenwich, CT). After completion of the 
last bolus infusion, the free end of the PE-50 tubing was 
scaled by electrocautery and cut so that the end re- 
tracted within the subcutaneous space. 

The animals were sacri5eed by intracardiac perfusion 
with 10% buffered formalin under deep anesthesia with 
ketamino-xylazme (80 and 10 mg/>g ip, respectively) on 
Postoperative Day 43 (experiment 1) or Day 29 (cxperi- 
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ments 2 and 3). The spinal cords were removed and 
stored in formalin until histologic preparation. 

Drug Administration 

Experiment 1 . The bolus doses of U-74006F used in 
this study were based on the results of a previous 
dose-response study by Anderson et at, (1) that exam- 
ined neurologic outcome in cats after a spinal cord 
compression injury. The bolus dose of M PSS was approxi- 
mated from the effective clinical dose (21). 

Compounds or equal volume vehicle Cbuffercd-sodium 
citrate solution) were administered intravenously at 5 
min, 2 and 6 h after the injury. Animals were randomly 
assigned to one of the following study groups; U-74006F 
(3.0/1.5/1-6 mg/kg, n 8; 10/5/5 mg/kg, n = 8; 30/ 
15/15 mg/kg, n - 8), MPSS (30/15/15 mg/kg, n - 8), 
or controls {a =8). 

Experiment 2, Based on the results of experiment 
the acute dose of MPSS used clinically (30/15/15 mg/ 
kg) appeared to be insufficient in this raL model. There- 
for^ a full duse-rcsponse evaluation was performed to 
determine a more effective dose. 

MPSS or an equal volume bacteriostatic water was 
administered intravenously at 5 min, 2, 4, and 6 h after 
the injury. The animals were randomly assigned to one 
of the following study groups in part 1 of this experi- 
ment: MPSS (30/15/15/15 mg/kg, n = 8; 30/30/30/30 
mg/kg, n - 8; 45/45/45/45 mg/kg, n = 8; 60/60/60/60 
rog/kg, n - 8) or controls (n = 8). 

The behavioral results from these groups demon- 
strated that the highest doses of MPSS were most 
effective; therefore, in part 2 of this experiment, the 
dose-response curve was shifted to include even higher 
doses as follows: MPSS (30/30/30/30 mg/kg, n = 8; 
60/60/60/60 mg/kg, n » 8; 90/90/90/90 mg/kg, n = 8; 
120/120/120/120 mg/kg, n ^ 8; 300/300/300/300 mg/ 
kg, n = 2) and controls (n = 8). 

Experiment 3. The results of experiment 2 demon- 
strated that MPSS doses of 30/30/30/30 and 60/60/ 
60/60 mg/kg were equally and maximally effective. As a 
result, the 30/30/30/30 mg/kg dofte was repeated in this 
experiment, and an additional dose of 60/30/30/30 
mg/kg was evaluated. The YM-14673 dose of 1 mg/kg 
has been shown in a previous dose-response study by 
Faden (35) to be most effective after experimental spmal 
cord injury in rats, and confirmed in this lab to have 
protective effects (14). This same dose was also adminis- 
tered chronically based on the reported neuroprotective 
actions of YM-14673 when administered 1 week after 
middle cerebral artery occlusion in rats (100). MPSS 
was not administered chronically because of potential 
adverse aide effects and its mechanism of action as an 
inhibitor of lipid peroxidation early after the injury (52). 

Compound or an equal volume bacteriostatic water 
was administered intravenously at 5 min, 2, 4, and 6 h 
after the injury. Two groups of YM-14673 animals 



received daily intraperitoneal injections of the com- 
pound as indicated. The animals were randomly as- 
signed to one of the following study groups: YM-14673 
(acute administration, 1/1/1/1 mg/kg iv, n ** 15; acute/ 
chronic administration, 1/1/1/1 mg/kg iv and 1 mg/kg/ 
day ip over Days 1-29, n = 15; chronic administration, 1 
mg/kg/day ip over Days 15-29, n - 15), MPSS (acute 
administration, 30/30/30/30 mg/kg iv, n « 15; acute 
administration 60/30/30/30 mg/kg iv* n « 15), YM- 
14673/MPSS (acute administration, YM-14673 1/1/1/1 
mg/kg iv and MPSS 30/30/30/30 mg/kg iv, n = 15), 
and controls (n =■ 15). 



Behavioral Assessment 

The animals were trained daily on the respective 
behavioral measures for 3 weeks before entering the 
study. Each was tested the week before the injury (Day 
0) and subsequently after the injury as follows: erperv 
ment 1— open field walking (Days 1, 2 f 8, 15, 22, 29, 43), 
inclined plane (Days 8, 15, 22, 29, 43) grid waMog 
(Days 29, 43), and footprint analysis (Days 29, 43); 
experiment 2 — open field walking (Days 1, 2, 8, 15, 22, 
29) and inclined plane (Days 8, 15, 22, 29); experiment 
3— open field walking (Days 1, 2, 8, 16, 22, 29), inclined 
plane (Days 8, 15, 22, 29), and grid walking (Day 29). In 
each experiment, testing was performed for at least 4 
weeks after injury; previous studies have shown that 
behavioral recovery does not significantly change after 4 
weeks (17). All testing in experiment 3 before Day 29 
was performed 30 min after either a sham ip injection 
(bacteriostatic water) or injection of YM-14673 (1 mg/ 
kg, only those groups receiving chronic administration 
of YM-14G73); testing of the animals on Day 29 was 
performed both before and after all of the animals were 
injected with YM-14673. This protocol was followed to 
examine the reported central fecilitatory and increased 
locomotor effects of YM-14673 administraUon on these 
behavioral tests (79, 93, 94). 

The behavioral tests were performed by the same two 
examiners who were unaware of the treatment groups. 
Hindlimbs were assessed independently (except inclined 
plane) to identify asymmetry in neurologic recovery 
(42). Minimal differences were noted; therefore, only the 
average score for both hindlimbs is reported. A more 
detailed description of these behavioral tests has been 
previously reported (9, 17, 31)* 

The open field walking task measured the animal s 
gross hindlimb locomotor ability during a 5-min testing 
period* Two animals were observed simultaneously to 
stimulate locomotor activity and were scored based 
upon a modified Tarlov scale (84) as shown in Table 1. If 
agreement between two scores could not be reached for 
the two examiners (e.g., 3.3 vs 3.7), then the average of 
the two scores was recorded (3.5). 

The inclined plane task was adapted from Rivlin and 
Tator (77) and measured the animal's ability to main- 
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tain its body position on an inclined board for 5 s< 
Animals wore tested at 5° intervals for each of three 
positions: head up, right side up, and left Bide up; the 
average score for the three positions was used for all 

date analysis. . , - i> 

The grid walking test (31) examined the animals 
ability to walk over a wire- grid (4 x 4-cm spaces) during 
a 3-min testing period. The rata were required to 
actively walk for a minimum of 30 s or the trial was 
repeated. Dividing the total number of footfalls through 
tho grid spaces by the actual locomotion time provided 
the number of footfalls per second of locomotion. Ani- 
mals were unable to be tested if they had not recovered 
sufficient coordinated hindlimb function (open field 
walking score of 3.3 or better). 

The footprint data were derived from a permanent 
inked record of the animals' footprints as described by 
others (28, 8fl). The forcpaws and hindpaws were placed 
in red and black ink, respectively, and the animal walked 
over a paper strip in a 6-ft. straight alley runway to 
obtain a food reward. From one to three trials were 
performed (as necessary) to obtain an adequate number 
of legible footprints (minimum of five right and left 
complete stride lengths) with the rat walking at a 
consistent pace. If, after the third trial, these criteria 
were not met, the animal was determined to be unten- 
able. As was the case with grid walking, at least snme 
recovery of coordinated locomotor activity is required 
for meaningful testing. The footprint data were then 
derived from these recorded footprints (Fig. 1). To 
obtain the number of front footprints/ft. walked, the 
total number of front footprints was counted from the 
best record of footprints (one individual trial) and then 
divided by tho distance walked. 

Histology 

Eighteen-millimeter segments of the formalin fixed 
spinal cords were embedded in paraffin blocks^ and 
serially sectioned transversely at 20- intervals. Every 
fifth section was stained Tor Nissl substance with crcfjyl 
ocht violet and for myelin with luxol fast blue. Camera 
lucida drawings of those sections representative of the 
lesion centers were made under low-power light micros- 
copy (4x magnification); higher magnification (10 x) 



TABLE 1 

Open Vield Walking Scale 



0 No spontaneous movement 

1 Movement in the hip and/or knee, but not ankle 
0.7 Slight movement 

1,3 Active movement at hip and knee, none at anWo 

2 Movemen t or the limb in all three major joints 
J. 7 Minimal movement ot ankle 

2.3 Attempts at support 

3 Active support, uncoordinated gait 
2.7 Support in stanou d^y 

3.3 Intermittent fcoula of coordinuled gail 

4 Coordination of for*Urabii and hindlimb* in ffnU 

3.7 Lack of control of anklo or foot, walk* nn knuckles or Oh 

the me didl WJrftiCO of fool 
4.3 Improved hindlimb postural support, abdomen not low 10 
the ground, fe* too drags 
$ Normal gait and base of eupport, no Iorr or balance on fast 
turnfr, no Ino drags 
4.7 One or two toe drag*, alight unsteadiness turning fit fuU 
Fpcod 



was used to more readily differentiate residual normal 
tissue (Fig. 10). The lesions were cliaracterizcd by areas 
of cyst formation and cavitation, gliosis, and grossly 
swollen axons. The white matter wasjudgedtobe spared 
if the myelin staining (bright blue color) and density was 
grossly normal in appearance, there was a lack of dense 
gliosis, and relatively few swollen fibers. The gray 
matter was judged to he spared if neurons and glia in 
approximately normal densities were present. The 
amount of spared tissue (normal appearing and stained 
neurons and myelinated axons) was determined by an 
investigator (DX.B.) who was unaware of the treatment 
groups. Spared tissue was reported as a percentage of 
the total cross-sectional area of the cord (area spared 
tissue/total area cord x 100), as previously described 
(17, 31, 70). At the injury levels used in this study* only 
small amounts of residual gray matter were present; 
therefore, spared tissue represents spared white matter. 

Data Analysis 

The final open field walking scores were analyzed by 
the KmskaU-Wallis nonparametric analysis of variance, 
and post hoc comparisons were made using Mann- 
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FIG. 1. ForcMznb <li B ht rc) and hindlimb <w) foolprmU of a ^1 animal ill^min* the stride Umpth. toe art base of 

support m«.«««". L1I. toft hlnrllimb; UF, left forolimb; 11H, right l.mdlirtb; r. U hL forohmb. 
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Whitney U tests. All other final behavioral scores, injury 
parameters, weights, arid histologic results were evalu- 
ated by one^factor analysis of variance and Duncan s 
post hoc comparisons (90), Analysis of the tehavioral 
recovery patterns over days tested was performed by 
multiple-factor repeated measures analysis of variance 
and Duncan's post hoc comparisons (nn equivalent 
statistical measure for nonparametric data does not 
exist and therefore this method was used as a close 
approximation for the open field walking data). 

A two sample [h = 2) power analysis (90) was per- 
formed in experiment 2 to evaluate the number of 
animals required to reproduce (in experiment 3) the 
behavioral and histologic effects of MPSS treatment. 
The average increase in the behavioral and histologic 
scores (compared with the controls) for the 30 and 60 
mg/kg MPSS groups, and powers (p - 1-beta) of p - 
0.90 and p 0.70 at an alpha = 0.05, were used to 
estimate the sample size (Table 4). 

An alpha of less than 0,05 was chosen as the signifi- 
cance level for all statistical analysis. Unless otherwise 
indicated, all data are presented as the mean ± SEM. All 
data analyses were performed with Statgraphics Statis- 
tical Graphics System (Version 5.0). 

fcESUt.TS 

Experiment I 

Subjects, In general, the animals remained in good 
health throughout the study. The mean weight of the 
iinimols (n = 40) at the time of their injuries (Day 0) was 
272.3 + 2.3 g and had increased to 281.9 + 3.2 g at the 
time of sacrifice on Day 43. There were no significant 
differences between Lhe groups at either Day 0 
CF = 0.358; df - 4, 35; p = 0,837) or Day 43 [F = 0.463; 
df - 4, 35; p = 0.763). Five rats developed small fluid 
collections beneath their laminectomy incision, which 
subsequently resolved without complication. Two ani- 
mals developed ischemic necrosis of the distal two-thirds 
of their tails immediately after the surgeries which 
likewise produced no further complication to their health 
or ability to perform on the various behavioral tasks. 
Two animals died after administration of the anesthetic 
and wore therefore replaced with new rats to maintain 8 
animals per group. 

Injury parameters. A highly consistent injury was 
obtained across the groups. The recorded spinal cord 
displacements for all of the animals was 0.973 ± 0,003 
mm; the groups were not different from each other 
[F « 0.127; df * 4, 35; p = 0.972). The overall recorded 
force of impact was 289.2 ± 5.2 kdyn> which was also not 
significantly different across the groups iF** 1.905; 
dfs= 4 ^ 3Q. p - 0.131). One animal was immediately 
removed from tht> study (and replaced with a new 
animal) after the spinous process clomp slipped during 
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the injury as indicated by grossly abnormal displace- 
ment and force curves. 

Echauioral results. Consistent injuries resulted in 
equally consistent behavioral scores as indicated in Fig, 
2 (bottom) by the small range or open field walking 
scores recorded for the control animals on Day 43 (all 
scores between 3 and 4). These scores indicate that the 
majority of animals in this group recovered some coordi- 
nated walking ability. No significant differences were 
seen between the groups at Day 43 {H <= 2,043; 
p = 0.728); however, each treatment group contained 
an animal(s) that recovered greater walking ability than 
the controls. t 

No significant differences in the behavioral scores 
were seen between the three different groups treated 
with U-74006F. However, examination of the open field 
walking scores over Days (Fig. 2, top) demon- 

strated that the U-74006F (10 mg/kg initial bolus) and 
MPSS group scored significantly bettor than the con- 
trols, but did not differ from each other {F = 5.287; 
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TABLE 2 

U-74O06F/MPSS Day 43 Scores 



T«Le) (degree.-.) (foolfalto/a) (cm) (mm) (totol-Ift) W_ 



(score) (degrees) 



a^iOH ^*0*8 1.21,0,2 l litt 0f 3,2.0 24 3.29*^1 

U74 0/1.5 m^) 3.62 * 0.13 52.70 ± 0.77 U4 * J 10 W-M = 0,74 6 92 10* ^ ft ^ ^ ^ ^ 

1/74 (10/5 me/kg) a.86 ± 0.13 51*8 ± 1.16 .14 0.09 19.92 1 # ^ ^ ^ ^ 

U74 (30/15 mg/kg) 3.03 ± 0.22 50,82 ± 0.84 1.34 s 0.13 19.63 - 0.45 1£3U ^ + 

MP8S(30/lBm B /lqt) 3,31 ± 0.16 51.45 ± 0.66 1.28 * 0,06 19-53 ± Q.^ ib.m ^ v 



df » 2, 21, 4;p » 0,007). Similar analysis of the inclined 
plane scores over Days 8-43 was not significant 
(F- 0.160; df- 2,21,4;/* = 0.852). 

No significant differences were found between any of 
the groups at Day 43 (Table 2) on the inclined plane 
<F = 0,663; df = 4, 35; p = 0.622), grid walking 
(F = 0 558, df « 4, 35; p =* 0.694) or footprint mea- 
sures; stride length (F = 0.342; df = 4, 34; p - 0.847), 
toe spread (F- 0.195; df = 4, 34; p = 0.939), number of 
front footprints/ft. walked (F = 0.437; df = 4, 35; 
p = 0.781), and base of support CF - 1.038; df = 4, 34; 
p = 0,402). Also, no group differences were noted at Day 
29. 

Histologic analysis. The lesions exhibited the same 
morphological features as previously described with this 
injury device (17, 30, 31) and with the weight-drop 
technique (20, 29, 33, 72). At the lesion center, there 
was extensive glial cell infiltration and severe central 
necrosis with areas of cyst formation; this was Bur- 
rounded by a peripheral rim of spared tissue (demon- 
strated in Fig. 10, experiment 3). The calculated percent- 
ape of tissue spared at the lesion site (Pig. 3) for the 
control, U-74006F (10 mg/kg initial bolus), and MPSS 
groups were not significantly different (F = 0.033; df » 2, 
21;p = 0.968). 
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FIG. S, XJ-74006F/MPSS percental ti**ue spared at the lesion 
center (moflns x SEM), 



Experiment 2 

Subjects. The group weights (n = 80, part 1 and part 
2) were not significantly different at cither the time of 
injury (overall mean 284.3 * 2.9 g; F = 0.090; df = 6, 
73 - p - 0.997) or when they were sacrificed at Day 29 
(overall mean 297.2 ± 4.4 g; F~ 0.160, df-6, 73; 
p = 0.986), although they showed a small weight gain 
over the course of the experiment. One death in this 
experiment resulted from the anesthetic administra- 
tion. Two animals given o trial dose of MPSS 300/300/ 
300/300 mg/kg also died of apparent respiratory compli- 
cations within the first postoperative day. One rat 
developed a wound infection at the laminectomy site, 
and two others developed bladder infections; each infec- 
tion was treated successfully with 7 days of antibiotics 
(Durapcn, 20,000 U BID and Gentocin, 0.25 mg qD). 

Injury parameters. Very consistent injuries were 
obtained in both part 1 and part 2 of this experiment, 
The mean recorded spinal cord displacement and impact 
force for all animals in part 1 was 1.105 ± 0.001 mm ond 
297 9 ± 4,6 kdyn; no group differences were observed 
for either the displacement (F = 0.703; df - 4, 34; 
p = 0.595) or force (F * 0,927, df - 4, 34; p r= 0.460). 
In part 2, the mean recorded spinal cord displacement 
and force were 1.111 ± 0.001 mm and 31 4.0 ± 3.9 kdyn; 
again, no group differences were noted for cither the 
displacement (F - 0,317, df = 4, 34;p = 0.865) or force 
(F 0.321; df = 4, 34;p - 0.862). 

Behavioral results. The Day 29 open field walking 
and inclined scores for animals in « 8 per group) in part 
1 are indicated in Table 3 (top). MPSS groups that 
received either the 30 mg/kg (x4) or 60 mg/kg (X4) 
doses scored consistently better than the other groups. 
Their scores were significantly better than the controls 
{H = 6.955, p = 0.031 Kmskall-Wallis ANOVA; 
Z - 2.019, p » 0,044 30 mg/kg group, and Z - 2.273 T 
p = 0.023 60 mg/kg group, Mann-Whitney U test) but 
not different from each other {Z = 0.621, p = 0.534) in 
open fteld walking at Day 29 and over Days 8-29 
(F = 11.406; df = 2, 21, 3; p = 0.0001). The 30 mg/kg 
(x4) and 60 mg/kg (x4) groups were not different from 
controls on inclined plane at Day 29 (F = 2.961; df => 2, 
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21; p ^= 0.074), but both scored higher over Days 8-29 
(F ~ 11,745; df ^ 2, 21, 3;p < 0.0001). 

Because the higher doses of MPSS were most effective 
in improving the animals behavioral recovery, part 2 of 
this experiment studied even higher doses (90 mg/kg x4 
and 120 mg/kg X4) in conjunction with additional 
contro), 3D mg/fcg (X4) and 60 mg/kg (x4) animals 
(n = 8 per group). The Day 29 scores for these animals, 
indicated in Table 3 (bottom), demonstrate on apparent 
plateau effect above 30-60 mg/kg. No significant differ- 
ences were found between the MPSS groups at Day 29 in 
open field walking (H = 4.588; p =* 0.205) or on inclined 
plane (F = 2.306; df = 3, 28; p 0,098); however, the 
120 mg/kg (x4) group scored higher than the other 
MPSS groups in open field walking over Days 8-29 
(F «=> 3.S89; df = 3, 28, 3;p = 0.012), but this difference 
was nob present on inclined plane (F « 1.427; df - 3, 28, 
3; p « 0.240). An inverted U-shaped curve was not 
clearly observed in the current dosing range as previ- 
ously reported by others using MPSS (52). Perhaps 
doses between 120 and 300 mg or extending the dosing 
interval out to 24-48 h would have resulted in similar 
findings. 

Because the 30 mg/kg ( x 4) and 60 mg/kg ( x4) groups 
of MPSS scored consistently better than the other 
groups, the open field walking scores (Fig. 4) and 
inclined plane scores (Fig. 5) for the control, 30 mg/kg 
<x4) and 60 mg/kg (x4) groups from part 1 and part 2 
were combined in = 16 per group)* Both these MPSS 
groups had significantly better open field walking scores 
compared with the scores of controls (H =* 7.017, 
p 0.030, Kruskall-Wallis ANOVA; Z = 2.441, 
p ~ 0.015, 30 mg/kg group; and Z = 1.982, p = 0.047, 
60 mg/kg group, Mann-Whitney U test) but not with 
each other {Z = 0.532, p = 0.595) at Day 29 and over 
Days 8-29 (F - 6.763; df = 2, 45, 3; p » 0,002). Both 
treatment groups also performed better on the inclined 
plane over Days 8-29 CP = 9-399; df - 2, 45, 3; 



TABLE 3 

MPSS Day 29 Scores 



Controls 

MFSS (30/15 mg/kg) 
MPSS (3D rag/kg) 
MPSS(45mg/kff> 
MPSS (60 mg/kg) 

Part 2 
Control* 

MPSS (SO mg/kg) 
MPSS (GOmg/ktf) 
MPSS (90 mg/kfr) 
MPSS (120 ing/ke) 



Open field walking 


Inclined plane 


(crpre) 


(degrees) 


3.14 ± O.09 


64.39 * 1.40 


3.28 s 0.O7 


06.02 J£ 0.77 


3.46 X 0.08 


57.28 ± 0.70 


3 52 ± 0.17 


55.41 ± 0.87 


3.59 4 0,13 


57,50 £0.77 


3,45 * 0.14 


57.09* i.ia 


3.75 £ 0.10 


$0-21 ± 0.50 


3.61 ± 0J2 


57.09 r 1.21 


3.45 * 0,10 


56,25 ± IA1 


9.81 ± 0.19 


57,92 x 1.08 




4- 

a.9 
8 as 

3.1 





* 



























































































DAY 29 



FiG. 4. JdFSS open field walking scores, (Top) recovery curves 
indicate the ftwn BCorra of each group flfc eodi day tested- (Bottom) 
Day 29 group mison scores * SEM- MPSS was adminifilored iv bolus 5 
mm, 2 ( 4, and 6 k nflor ihc injury, 

p « 0.0001); only the 30 mg/kg group (scored higher at 
Day 29 <F * 4-040; df = 2, 4S;p = 0.024). 

Histologic analysis. Determination of the percent- 
age of spared tissue at the lesion center (Fig, 6) was 
performed for only the control, 30 mg/kg (x4). and 60 
mg/kg (x4) MPSS groups {n 16 per group). Only the 
60 mg/kff (X4) group had significantly greater tissue 
sparing than the controls (F = 3.228, df 2, 42; 
p = 0.049); the two MPSS groups wre not significantly 
different. 

Power analysis. Kesults of the power analysis (Tabic 
4) indicated that groups approximately 15 animals arc 
needed to reproduce the MPSS effects with 90% predict- 
ability. These predictions arc dependent upon identical 
experimental conditions (e.g., injury severity, animal 
size/age, etc.); therefore, these numbers provided only 
an estimate for designing the subsequent experimental 
protocol. 

Experiment 3 

Su bjects. As previously d escribed , the animals treated 
immediately postinjury with YM-14673 awakened much 
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sooner and exhibited increased spontaneous motor activ- 
ity (oral and limb) compared with the other animals (79, 
93, 94h However, consistent differences between the 
animals could not be identified by the examiners (un- 
aware of the study groups) during the pogtinjury testing 
periods. Comparison of the test scores of all animals at 
Day 29 before and after administration of the YM-1467S 
(1 mg/kg) revealed no statistically significant differences 
on open field walking (F - 0.018; df ~ 6, 1; p - 0.894) 
or grid walking (F - 0.079; df « 6, I; p - 0.782). The 
inclined piano scores (Day 29) were significantly lower 
after administration of the YM-14673(F ~ 4.030; df = 6, 
l;p «* 0.046). However, each of thestudy groups showed 
a similar decrease in their scores. This could reflect an 
artifact of the testing sequence; in addition, there could 
he a specific drug effect that results in the YM-14673 
groups scoring lower. As a result, the scores for alt of the 
animals were averaged over the two testing times (be- 
fore and after YM-14673 administration) to control for 
these effects * 

The overall mean weight of the animals (n = 105) at 
the time of injury (Day 0) was 284,6 ± 1.8 g, which had 



4- control* 
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fi. MPSS percentage Uwmc spared tit the leBion cerUur 
(means ± SEM). 



increased to 294.4 ± 2,0 gby Day 29. The groups were 
not different from one another at Day 0 (F = 0.805; 
df * 6, 98; jp 0,569). Hfrwever, at Day 29, the animals 
treated with YM-14673 (1/1/1/1 mg/kgivand 1 mg/kg/ 
day ip) were significantly heavier (mean weighL 
317.5 ± 6.7 g) than the other groups CF = 4.689; df =< 6, 
98;/) = 0.0003). 

Despite the very largo number of animals involved in 
this experiment (n « 107), few complications were ob- 
served. One death occurred in the immediate postopera- 
tive period from unknown causes- Two animals devel- 
oped intraabdominal tumors; one reached massive size 
(5 cm) and necessitated the removal of this animal from 
the study. Four animals developed small flu id collections 
under the laminectomy incision as in experiment 1 
which resolved spontaneously. One uruwy tract infec- 
tion and a laceration on the back of one animal (caused 
by its cagemate) were treated successfully with 7 days or 
antibiotics (Durapen, 20,000 U BID and Gentocin, 0,25 
mgqD). 

If\jury parameters. Similar consistency in the re- 
corded spinal cord displacements (1-119 ± 0.002 mm) 
and impact forces (299,7 ± 2.8 kdyn) was seen in this 
experiment. There were no significant group differences 
for cither displacement (F- 0.333; df= 6, 97;p = 0.918) 
or force (F = 0.113; df « 6. 97; p = 0.995). 



TABUS 4 

M^thyJprednisolone Power Analysis 



A Score 



Standard 
deviation 



fir* 0.9 



■■ 0.7 



FJG. 5. MPSS Inclined plane scores. (Top) recovery curves indi- 
cate the mean scores of each croup at each day tested. (Bottom) D»y 29 
group wean pcorea * S£M. MF£S wiw administered iv boM 6 ran, 2, 
4, and 6 h after the injury. 



Open field walking 0.28 
Inclined plane 2.28 
* Ti&HuC spared fi.20 



0.33 
2.99 
6.&S 



• 15 
= ]5 



* 11 
9 
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Behavioral remits. The Day 29 scores for each of the 
study groups are indicated in Tabic 5. MPSS, when 
given as an initial bolus of 60 mg/kg followed by 30 
mg/kgper dose (x3), resulted in greater improvement 
in that group's open field walking stores over Days 8-29 
compared to the frroup treated with 30 mg/kg (x4) 
(F « 7,109; df « 1, 28, S; p 0.009); no other signifi- 
cant differences were noted between the two groups. 

The YM-14673 group treated both acutely and chroni- 
cally a/1/1/1 mg/kgiv) and 1 mg/kg/day ip Days 1-29) 
demonstrated consistently better behavioral scores (not 
statistically significant) than either of the groups treated 
only acutely O/l/l/l mg/kc iv) or chronically (1 mg/kg 
ip Days 15-29); therefore, the acute/chronic group was 
used For all statistical comparisons with the MPSS 
group. It is important to note, however, thAt the YM- 
14673 group treated only chronically bad pignificantly 
higher open field walking scores over Days &v2f> 
(F « 4.745; df = 2, 42, 3; p - 0.010) compared with Lhe 
controls. Similarly, the YM-14673 animals treated only 
acutely scored higher than the control animals on the 
inclined plane over Days 8-29 (F » 7.547; df =* 2, 42, 3; 
p = 0.0008). Therefore, both acute and chronic therapy 
with YM-14673 improved performance but the combina- 
tion of acute and chronic therapy was even more effica- 
cious- 
Comparison of the control animals with the MPSS 
group ((30/30/30/30 mg/kg) and the acute/ chronic YM- 
14673 group (1/1/1/1 mg/kg iv and 1 mg/kg/day ip) in 
open field walking (Fig. 7) showed the YM-14673 ani^ 
mate to perform significantly better than both the MPSS 
and control animals over Days 8-29 (F = 8.755; df s 2, 
42, 3;p «= 0.0003); no differences were seen between the 
groups at Day 29 IF - 0,302, df = 2, 42; p 0.741). The 
relatively lighter injury compared with that in experi- 
ment 2 (from recaUbration of the injury device power 
amplifier) may account for the lack of a significant open 
field walking effect at Day 29. Both the MPSS and the 
YM-14673 groups scored significantly better than tho 
control animals on the inclined plane (Fig. 8) over Days 



TABLES 

VM-14673/MPSS Day 29 Scores 



Controls 

MPSS <30 mg/kg) 
MPSS (60/30 mg/kg) 
VM Acuta llmg^kg) 
YM Acute and chronic 

(i vng/kg) 
YM Chronic (1 mp/kR) 
YM (1 raff/kg) nnd 

MPSS (30 mg/k ff ) 



Open field 
walki nR I ncUncri plant* 
(score) (degrees) 



Grid wnlXinjg 
(footralti/e) 



a.58 ± 0.07 

3.54 * 0.0B 

3.55 ±0,10 
3.71 ± 0.10 

3.64 ± 0.09 
3.61 ± O.ll 



56.22 
56.61 
5G.&4 

57.05 
56.22 



= 0.83 
± 0.79 
± 0-51 
± 0.7O 

±0,66 
± C.71 



1.42 = 0.05 
1,42 ± 0*06 
1.38 s 0.06 
1.26 * O.Ofi 

1.24 ± O.05 
1.35 ± 0-OG 




0 1 2 





Control 



DAY 29 



' I' 



3.64 x 0.09 56.G0 ± 0.57 1.37 ± 0-07 



PIG. 7. YM-J4673/MPSS open field walking seora. (Top) recov- 
ery curvw indicnta the ii>ean pcorw of each £ruup at each drty tested. 
<Tftottow) Day 29 group mean rcoret a: SEM. YM-14673 (I xngfkft) aiul 
MPSS (60/30/30/30 mg/kg) wwrc admini&wred iv bolus 5 nain, 2, *, 
and 6 b after the injury; YM-14673 animal also received 1 mg/kg/ tk*y 
over D?yi 1-29. fYM, YM-11G73.) 



B-U9 {V * 6.353; df « 2, 42, 3; p = 0.002); only the 
YM-14673 animals were better at Day 29 CF ~ 3.303; 
df = 2, 42; p ~ 0M6). Results of the grid walking (Fig. 
9) at Day 29 also demonstrated significant improvement 
for the YM-14673-treated animals compared to the 
controls (F - 3.623-, df = 2, 41; n - 0.036). 

No significant additive effect was seen with the combi- 
nation of MPSS (30 mg/kg x4> and YM-14673 (1 mg/kg 
x4). The combination of the two drugs resulted in the 
same score as either individually, or, in the case of open 
field walking, the combination-treated animals and the 
YM-14673- treated animals scored significantly higher 
over Days B-29 than those animals receiving MPSS 
{F = &.715; df = 2, 42, 3; p = 0.O04). 

Histologic analysis. Because the MPSS (60/30/ 
30/30 mg/kg) and acute/chronic YM-14673 (1/1/1/1 
mg/kg iv plus 1 mg/kg/day ip) groups scored consis- 
tently the best on the behavioral measures, only these 
treatment groups and tho controls underwent histologic 
analysis. As in experiments 1 and 2, the gross morphol- 
ogy of the lesions demonstrated extensive cyst forma- 
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tion and glial cell infiltration at the lesion centers; a 
small peripheral rim of white matter remained as seen 
in Fig. 10. Essentially no sparing of gray matter was 
seen at this injury level for any or the study groups. The 
results demonstrated that both treatment groups had 
significantly (greater tissue sparing at the lesion center 
(Fig. 11) than the controls (F - 8.390; df=2, 42; 
p ~ O.OO09). 

DISCUSSION 

Summary 

This is the first report of significant behavioral and 
histologic effects in rats after treatment with MPSS 
subsequent to a spinal cord contusion injury. Treatment 
of the animals with U-74006F resulted in some improve- 
ment in behavioral recovery that was equivalent to the 
effects seen after treatment with a lower, less effective 
doae of MPSS. Administration of YM-14673 resulted in 
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FIG. 9. YM-H673/MPSS grid walking scare*. Du> 29 group mean 
scon* ± SEM- YM-14673 (1 rag/to and MPSS (60730/30/30 mR/kf?) 
were admi metered iv bolus 5 min, 2, 4, Artd 6 h oftw the injury; 
YM-14673 unimala also received 1 mg/kg/day over D«ya 
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PIG. S, YM-14873/MPSS inclined plana scores. iTop) recovery 
curve? indicate the mtw scoritf of each croup ot e*d> day leatcd. 
(Botlom) Day 29 [jroup mean ecorfls ± $KM. YM-14673 tl mg/kg) and 
MPSS (60/30/ 50/ 30 mg/Vg) wfcre administered W bolus 5 rtin, 2, 4, 
ttudGhaftcr tho injury; YM-14673 animal b rdso received 1 Dig/k^diiy 
over Days 



significantly better behavioral and histologic scores than 
those of control animals; Y1VM4673 animals also had 
consistently better behavioral scores than MPSS- 
treated animals, indicating that YM-14673 may be 
beneficial after clinical spinal curd injury. 

Injury Model \ 

These data support the usefulness of this model for 
preclinical testing of pharmacological agents. Small 
variability within the groups results in the ability to 
detect relatively small changes in behavior and lesion 
size without the need for large numbers of animals. The 
low interammal variability results from a highly repro- 
ducible displacement of the spinal cord (10, 17, 31, 73, 
74, SO, 82). Biological variability (for example, differ- 
ences in the size of the animals spinal cords) may explain 
the relatively larger variability in the force required to 
produ co an equivalent di splacement ( 19). 

When comparing the results of these three sequential 
experiments, slight drift was noted in the severity of the 
injury and the resulting behavioral and histologic out- 
come. Recalibration of the injury device power amplifier 
as well as other technical problems may account for 
these differences. As a result of these technical differ- 
ences and the inherent differences in the experimental 
protocols, only general conclusions can be made between 
the experiments. 

Functional outcome in this model is readily quantified 
by relatively simple behavioral measures (9, 17, 31), 
Independent application of these behavioral tests allows 
us to identify variable drug effects at different levels of 
injury severity. For example, the more severe injury in 
experiment 2 resulted in the Least recovery of gross 
locomotor function in open field walking; MPSS admin- 
istration in this experiment resulted in animals with 
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500 pm 




200 um 



PIG 10 Crcsyl violet and luxril fast blue stained paM^n section of the tcfiion cenler from the mftdian animal in Ibe controi group. IA) 
Low-power nm-ni nation (4x> demonstrate* significant <?ystic P*croBU or the cord and sparing of white matter At the periphery. (13) 
Higher -power magnification UOx) of the ventr«MatBr«U fun fculua (the black lino demarcate* the region of pparcd white matter). 



significantly better open field walking Ecores compared 
to the controls. In experiment 3, however, a relatively 
leas severe injury resulted in essentially all of the 
animals recovering coordinated gross locomotion; no 
significant improvement was noted in open field walking 
in this experiment for the animals treated with MPSS 
compared with controls. The grid walking test, which 
may be in fluen ced by sparing of propriospi rial systems i n 
the cord (31, 65), was able to detect small residual 
deficits in hindlimb function (experiment 3) that were 
not observable in open field walking. Only YM-14673- 
treated animate scored , significantly better than the 
controls on grid walking. The current use of composite 
scoring regimens (76, 91) designed to enhance sonsitlv- 
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FIG. 1 1. YAM4673/MF8S purcoiitaffe tissue spared nt the Lesion 
center (meant* ± SEM). 



ity prevents detection of these individual differences 
(42). Furthermore, averaging of both positive and poten- 
tially negative treatment effects may result in incorrect 
conclusions. 

Contusion injuries that result in an in complete neuro- 
logic deficit may provide the best approximation of 
clinical spinal cord injury (34, 62, 63* 89). However, 
contusion injury alone does not replicate the entire 
spectrum of clinical spinal cord injuries, e.g., compres- 
sion vs contusion of the spinal cord (4, 19). Different 
mechanisms of injury, in addition to differences in 
injury severity, animal models, and drug delivery/ 
dosing, may significantly influence the response ob- 
served after administration of a given compound. These 
factors may account for the variable behavioral effects 
observed with MPSS treatment in this study and by 
Other investigators after experimental spinal cord injury 
(26, 36, 43, 59, 70). 

Pharmacologic Studies 

The primary mechanism of action of MPSS after 
acute spinal cord injury has been reported to involve 
inhibition of oxygen freo radical-mediated lipid peroxida- 
tion (for review, see Hall, 1992) (46). Additional and 
possibly related actions include preservation of spinal 
cord blood flow {50, 59, 104), attenuation of intracellular 
calcium accumulation (104), reduction of neurofilament 
degradation and improvement in energy metabolism 
(25), and inhibition of inflammatory processes (60). 
U-74006F, a 21-amino$teroid that lacks glucocorticoid 
activity* has been demonstrated to have even greater 
ability than MPSS to inhibit lipid peroxidation (27) (for 
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review, see Hall & al> 1952 <52) and Hall et al> 1988) 
(47); U-74006F has also been demonstrated to attenuate 
exdtotoxic neuronal injury in cortical cell cultures (71), 
U-74006F has been shown to protect against th« acute 
effects of brain injury M9, 54, 68) and spinal cord 
ischemia (41, 44, 53); the effects in brain ischemia have 
been mixed (11, 46\ 51, 55, 75). This compound has also 
been shown to improve neurologic recovery after experi- 
mental spinal cord injury in cats (1, 2, 47) and in rata 
(58). In each of these latter studies, spinal cord injury 
was made by compressing the cord for a variable period 
of time. In the present study, the different method of 
injury (contusion), as well as the relatively less severe 
injury used may account tor the small behavioral im- 
provement observed after administration of this cora- 
poun«i In addition, increased variability in the control 
group compared with that in experiments 2 and 3 may 
have limited our ability to detect small behavioral 
improvement. Further dose-response studies of 
U-74006F are necessary to determine its maximal effect 
in this model. 

YM-14673 is a TRH analogue which maintains the 
integrity of the C-terminal amino acid critical for the 
neuroprotective effects of TRH analogues (38). Several 
proposed actions of TRH (and TRH analogues) that may 
relate to the neuroprotective effects include the ability 
to reverse or attenuate certain physiological effects of 
opioids (57, 97), to improve tissue blood flow (37, 64), 
and to attenuate the hypotensive effects of leukotriene 
D4 (66) and platelet-activating factor (67). The TRH 
analogue, CG3703, has been reported to restore magne- 
sium homeostasis (87) and intracellular brain metabo- 
lism after fluid-percussion brain injury (69), and to 
attenuate changes in sevtiral tissue cations and improve 
energy metabolism following experimental spinal cord 
injury (39), TRH has also been demonstrated to exert 
neurotrophic effects on cultured ventral horn neurons 
(5, 7, 61, 78), lower motoneurons in vivo (6, 40, 86, 88), 
and spinal cord transplants in oculo (56). In this study, 
the improved behavioral recovery observed in animals 
treated chronically with YM-14673 (Days 15-29) sug- 
gests that YM-14673 may also have neurotrophic effects 
and possibly influence spinal cord plasticity and reorga- 
nization after contusion injury (8, 10, Si). In addition, 
the reported central stimulatory and increased locomo- 
tor effects of YM- 1467B (79, 93, 94) may result in 
improved behavioral scores through a generalized facili- 
tation of motor neuron firing. 

YM-14673 has been shown to exert neuroprotective 
effects in several different models of central nervous 
system injury, including: experimental cerebral hema- 
toma (95), focal cerebral ischemia (96, 100, 101) , stroke- 
prone spontaneously hypertensive rats (99), and electri- 
cal lesion of the internal capsule (08)* YM-14673 has also 
been shown to improve neurologic outcome in models of 
brain injury (35) and spinal cord injury (35, 76), In a 
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previous study using this injury device, treatment with 
YM-14673 had a significant effect on behavioral recov- 
ery and histologic sparing for animals treated with a 
single intravenous dose (1 mg/kg) 30 min after the 
injury (15, 16). In that study, significant improvement 
was observed in both open field walking and inclined 
plane; the injury produced was relatively more severe 
(comparable to that obtained in experiment 2 of this 
study) such that assessment of performance on the grid 
walking task was not possible due to insufficient recov- 
ery of locomotor ability, 

YM-14673 administration in this study after a rela- 
tively lighter injury also resulted in significantly better 
behavioral and histologic effects than controls. In addi- 
tion, YM-14673 demonstrated greater efficacy than 
MPSS under these experimental conditions. A YM- 
14673 response was seen after both acute and chronic 
administration, and YM-14673 demonstrated the great- 
est effects with combined acute and chronic treatment. 
These data indicate that YM-14673 may ho benoficial in 
treatment of clinical spinal cowl injury, and that there 
may be multiple mechanisms of action of this drug. 

Preclinical Trials 

It seems likely that a multitude of compounds with 
multiple neuroprotective, trophic, and central nervous 
system stimulatory effects will be even more efficacious 
than the currently established postinjury treatments 
with MPSS. The availability of standardized protocols 
for the evaluation of acute and chronic effects of drugs 
on recovery of function in the rat should provide a 
means for preclinical evaluations of such compounds 
and their potential additive effects. 
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